The genus Naja Laurenti, 1768, is partitioned into four subgenera. The typical form is restricted to 11 Asian species. The name Uraeus Wagler, 1830, is revived for a group of four non-spitting cobras inhabiting savannas and open formations of Africa and Arabia, while Boulengerina Dollo, 1886, is applied to four non-spitting African species of forest cobras, including terrestrial, aquatic and semi-fossorial forms. A new subgenus is erected for seven species of African spitting cobras. We recommend the subgenus rank as a way of maximising the phylogenetic information content of classifications while retaining nomenclatural stability.
Introduction
The scientific nomenclature of life serves the key function of providing labels for the cataloguing of the Earth's biodiversity and thus for information retrieval. In order to make a system of classification predictive, it is generally agreed that a classification should reflect the current state of knowledge about the evolutionary relationships within a group, which, in the case of a nested, hierarchical system of nomenclature, means recognizing only monophyletic groups as named taxa. However, this creates the dilemma that, whereas the function of information retrieval ideally requires stability of names, our developing understanding of the Tree of Life requires changes in nomenclature, to reflect new insights into patterns of relationships provided by ongoing research. This issue is particularly acute at low taxonomic levels, where novel insights into the phylogeny of relatively closely related groups of organisms may reveal long-established genera to be nonmonophyletic: a change in genus allocation of a species changes the scientific name of the species itself, thus impeding information retrieval. As a result, changes in genus allocation are often slow to percolate into the non-systematic literature (e.g., Wüster & McCarthy, 1996) or may encounter resistance (e.g. Orlov et al., 2004) , particularly if multiple studies propose different arrangements in relatively quick succession (e.g., Pizatto et al., 2008) . This matters particularly in the case of high profile species, such as those of medical importance, where nomenclatural confusion can seriously hamper later research.
This situation exemplifies the dilemma between using nomenclature as an information retrieval and cataloguing system, and also to represent organismal phylogeny. Smith & Chiszar (2006) highlighted the usefulness of the rank of subgenus in these circumstances: where a large monophyletic genus contains welldefined lineages that could usefully be endowed with scientific names, the subgenus rank provides the opportunity to do so without altering the binomial name of the animal, which would interfere with information retrieval, thus increasing the overall information content of the classification. The rank of subgenus has been relatively little-used in recent herpetological taxonomy, particularly among snakes (but see Tokar, 1989, for Eryx; Lenk et al., 1999, for Bitis; Kharin, 2004, for Hydrophis) , although it was previously used in the 19 th Century (e.g., Peters, 1860 Peters, , 1861 Jan & Sordelli, 1860 -1881 Jan, 1863; Steindachner, 1867; Duméril et al., 1870 Duméril et al., -1909 . Here, we revisit the taxonomy of the genus Naja in the light of recent advances in our understanding of the phylogeny of the genus, and apply the rank of subgenus to highlight the main lineages of phylogenetic, biogeographical and/or morphological interest within the genus.
Systematics
Cobras are among the most widely known of all snakes, and yet, despite their popular notoriety, their taxonomy has long remained poorly understood. Within the genus Naja, the number of species recognized has risen from six (Klemmer, 1963) to 23, through a series of revisions (Broadley, 1968 (Broadley, , 1995 Wüster 1996; Slowinski & Wüster 2000; Broadley & Wüster, 2004; . Additionally, several recent molecular phylogenetic studies have provided evidence for the paraphyly of Naja with respect to Boulengerina and Paranaja, prompting the synonymization of these two genera with Naja (Slowinski & Keogh, 2000; Nagy et al., 2005; .
As a result, there are currently 26 extant species of terrestrial Old World cobras assigned to the genus Naja, of which 11 inhabit Asia and 15 occur in Africa. This number does not include the four extinct species assigned to Naja nor the distantly related African arboreal cobras (Pseudohaje), shield cobras (Aspidelaps), desert cobras (Walterinnesia) or the rinkhals (Hemachatus). Bogert (1943) demonstrated a significant difference between the more derived dentition of Asiatic Naja in comparison with that of African Naja, the Asiatic taxa having 0-1 solid maxillary teeth and the African species having 2-3, exceptions representing a small minority of cases (see below). Szyndlar & Rage (1990) and Wüster & Thorpe (1992a) noted that Naja oxiana shares the derived condition of other Asian species (contra Bogert, 1943) . Furthermore, Szyndlar & Rage (1990) also noted that the Asian species share the derived characteristic of a Vidian canal that is opened extracranially (vs. intracranially), and Underwood (in Szyndlar & Rage, 1990) reported differences in the form of the premaxilla, with the Asiatic group being more derived. demonstrated that cobras of the genus Naja form three separate evolutionary lineages, one of them with two major sublineages: 1) an Asiatic lineage represented by N. kaouthia, N. naja, N. siamensis, and N. sputatrix, 2) an African non-spitter lineage composed of two sister lineages, one including N. annulifera, N. haje, and N. nivea, the other N. melanoleuca plus Boulengerina annulata and Paranaja multifasciata, and 3) an African spitter lineage composed of N. ashei, N. katiensis, N. mossambica, N. nigricincta, N. nigricollis, N. nubiae, and N. pallida (Fig. 1) . In the interest of nomenclatural stability, since members of the genus Naja are large and dangerously venomous snakes with an important medical and taxonomic literature based on the generic name, (like Nagy et al., 2005 , in the case of Boulengerina) synonymized the African water cobras (Boulengerina) and the African burrowing cobra (Paranaja), snakes that are quite different in size, external morphology, internal anatomy, diet, behaviour, and habitat preference (Loveridge, 1944; Spawls & Branch, 1995; Wallach, 1998; Chippaux, 2006) . However, this leaves the genus Naja as a large and somewhat heterogeneous genus containing a considerable diversity of species, and also multiple, well defined clades that differ in anatomy, distribution and ecology, and may thus warrant nomenclatural recognition. The rank of subgenus is ideally suited to highlight our new understanding of the phylogeny of the group while retaining the nomenclatural stability of a group of iconic species.
In choosing to erect subgenera within the genus Naja to reflect its phylogenetic structure, we have elected to recognize four larger groups that fulfil the criteria that (i) their monophyly is strongly supported in previous phylogenetic studies , and (ii) that they represent lineages with morphological and/or distributional or ecological characteristics that can be suitably underscored through recognition as subgenera. On that basis, the four major clades of Naja recognised as subgenera are as follows: 1) the 11 species of Asiatic Naja; 2) six species of open-formation non-spitting African cobras (the N. haje group, N. nivea), 3) four species of forest-dwelling African non-spitting cobras (N. annulata, N. christyi, N. melanoleuca, N. multifasciata) , and 4) the seven species of African spitting Naja. FIGURE 1. Schematic representation of the phylogeny of the genus Naja, indicating the subgenera recognised here. Redrawn from . Grey circles indicate nodes with ≥ 95% Bayesian posterior probability support. The position of taxa not included in that study was inferred from Slowinski & Wüster (2000 -N. atra, N. mandalayensis) , Broadley & Wüster (2004 -N. annulifera) and Trape et al. (2009 -N. arabica, N. senegalensis) . Naja christyi has never been included in a rigorous phylogenetic analysis. It is tentatively placed in this tree based on prior classification (Bogert, 1943) .
While this paper was in preparation, Raymond Hoser, one of several recent amateur herpetologists who have chosen to publish evidence-free taxonomic papers in self-published outlets or in the unreviewed hobbyist literature (see Williams et al., 2006 , for a review), named two new genera, for the Naja haje group and the African spitting cobras, in his privately edited, online publication Australasian Journal of Herpetology (Hoser, 2009 (Wüster, 1990; Wüster & Thorpe, 1989 , 1992a Wüster et al, 1997) ; the fourth as well as the third supralabial enter the eye; the solid maxillary teeth number 0 or 1, not 1-3 (Bogert, 1943; Szyndlar & Rage, 1990) ; many Asian Naja have highly modified spitting fangs, just like African spitting cobras (Bogert, 1943; Wüster & Thorpe, 1992b; Wüster et al., 1997) ; and important skeletal characters (Szyndlar & Rage, 1990) were ignored. Other counts are confusing and difficult to attribute to specific taxa recognized by Hoser.
More importantly from the nomenclatural point of view, this online publication does not constitute a published work according to Articles 8.1.3, 8.6, 9.7 and 9.8 of the International Code of Zoological Nomenclature (ICZN, 1999) (hereafter referred to as "the Code). The new names published therein are therefore unavailable under the rules of the Code. Article 8.6 states that "For a work produced after 1999 by a method other than printing on paper to be accepted as published under the meaning of the Code, it must contain a statement that copies (in the format that it is published) have been deposited in at least five major publicly accessible libraries which are identified by name in the work itself." Although Hoser claims the existence of a printed version of his journal, we have found evidence of only one single copy, deposited in the Australian National Library (ANL). Article 9 of the Code (What does not constitute published work) includes: "9.7 copies obtained on demand of an unpublished work [Art. 8], even if previously deposited in a library or other archive." On 9 May 2009, one of us (VW) received printed copies of all issues of the Australasian Journal of Herpetology. Unlike the ANL copy of Issue 7, all these issues are printed on one side only, and give the appearance of having been printed on demand at the same time: all have a pair of longitudinal white lines along the midline of the entire page: issue 1 has the lines spaced about 2 mm apart but all the other issues have the lines spaced 5 mm apart, suggesting that they were printed at the same time. These lines are not present in the ANL copy of Issue 7. All the issues received by us are bound by a single large staple in the upper, left hand corner. We conclude that the Australasian Journal of Herpetology is an online publication that fails to fulfill the requirements of Articles 8.1.3 and 8.6, any printed copies are printed on demand and therefore do not constitute published work under the provisions of Article 9.7, and the electronic versions available from Hoser's website are not published under the provisions of Article 9.8. The same almost certainly applies to the previous six issues of the journal published at the time of writing. Since Hoser's 2009 paper is unavailable under the provisions of the Code, we therefore propose the following nomenclatural changes regarding the genus Naja: the subgeneric name Naja must be applied to the Asiatic cobras, whose type species is Naja naja Linnaeus; the non-spitting African cobras are assigned to the subgenera Uraeus Wagler (1830), with Naja haje as the type species, and Boulengerina Dollo (1886), with Naja annulata as the type species, while the African spitters are placed in a new subgenus with Naja nigricollis as the type species. (Wüster, 1990 -only 6 out of 650 specimens examined in that study had 2 solid maxillary teeth), seven supralabials with penultimate (sixth) shield low, combination of single preocular and two (occasionally three) anterior temporals, rostral broader than deep; internasals shorter than prefrontals; fang structure variable, all species except N. naja and N. oxiana have some degree of adaptation to spitting (Wüster & Thorpe, 1992b) . We tentatively include the extinct †Naja (Naja) romani (Hofstetter, 1939) in this subgenus based on the shared derived condition of the basisphenoid morphology and the vestibular window, despite the possession of two solid maxillary teeth (Szyndlar & Rage, 1990) . Comments: this is a morphologically relatively conserved, but ecologically highly adaptable subgenus that appears to be the result of a single colonization event of Asia from an African origin (Slowinski & Wüster, 2000; Wüster, unpublished data) .
Genus
The issue of the type species of Naja has a complex background. Laurenti's (1768) Naja was based upon six species from Seba (1734 Seba ( -1735 , all of which Linnaeus (1758) (Linnaeus) has been considered the type species of Naja by tautonymy, monotypy, and subsequent designation of Stejneger (1936: 140) , M. Smith (1943: 426) , Oshima (1944: 204) , and others. However, David & Vogel (1996: 146) suggested that those assumptions were incorrect and that the only valid type species designation was that of Williams & Wallach (1989: 97) , who selected Naja lutescens. However, Leviton (1968: 547) designated Naja lutescens Laurenti (=Coluber naja Linnaeus) as the type species of Naja Laurenti and several earlier nomenclatural acts precede this action. Cantor (1847 Cantor ( : 1038 could be considered the first revisor as he synonymized Naja lutescens with Coluber naja Linnaeus. Deraniyagala (1945: 108-109 ) then restricted the name Naja lutescens to the race of cobras inhabiting India south of 20° N Latitude. The type locality of Seba's (1735) pl. 44, fig. 1 was given as "India Orientali." Deraniyagala (1945) recognized Naja naja lutescens as a subspecies and designated the type locality as Madras, with N. fasciata and N. maculata as synonyms. (Linnaeus, 1758: 223) Diagnosis: Intracranial (dorsal) anterior Vidian canal position, almost always 2-3 solid maxillary teeth (one specimen out of 21 examined by Bogert [1943] and Szyndlar & Rage [1990] had one solid maxillary tooth on each side), seven supralabials with penultimate (sixth) shield high, combination of one preocular and one anterior temporal, rostral as broad as deep, internasals as long as prefrontals, dorsal scales matt or moderately shiny, and fangs not adapted for spitting.
Comments: This is a morphologically relatively conserved lineage that occupies open formations in much of Africa and the southern Arabian Peninsula. The most basal cladogenic split separates Naja (Uraeus) nivea, a species largely restricted to southern African areas with winter rainfall, from the remaining species, which occupy primarily tropical or subtropical formations .
Subgenus Boulengerina Dollo, 1886
Limnonaja Schmidt, 1923: 124 (Boulenger, 1904: 14) Naja (Boulengerina) melanoleuca Hallowell, 1857: 61 Naja (Boulengerina) multifasciata Werner, 1902: 347 Diagnosis: Intracranial (dorsal) anterior Vidian canal position, 2-4 solid maxillary teeth, penultimate (sixth) supralabial high, combination of one preocular and one anterior temporal (except N. christyi, which sometimes has two anterior temporals), rostral much broader than deep, internasals shorter than prefrontals, dorsal scales highly polished, fangs not modified for spitting.
Comments: This subgenus is morphologically and ecologically highly diverse, including species at both the large (Naja melanoleuca) and small (Naja multifasciata) extremes of the size spectrum of the cobra clade, and semi-fossorial, terrestrial and aquatic forms. However, they are united by their restriction to forest and forest edge habitats, and their distribution is centred on the central African forests, with only N. melanoleuca extending significantly into West and East Africa. Comments: A morphologically and ecologically relatively conserved lineage occupying a wide variety of open formations in most of sub-Saharan Africa, but not rainforests themselves; the most basal division in the phylogeny separates two north-east African species (N. nubiae and N. pallida), occurring primarily in relatively arid areas, from the remainder of the subgenus .
Subgenus

Naja incertae sedis
Three of the four currently recognized extinct cobra species, †Naja antiqua Rage, 1976 , †Naja iberica Szyndlar, 1985 , and †Naja robusta Meylan, 1987 , cannot be allocated to any subgenus with confidence, as identifying synapomorphies are lacking (Rage, 1976; Szyndlar, 1985; Meylan, 1987 
Conclusion
We believe that our reclassification of the cobras of the genus Naja illustrates the usefulness of the underused rank of subgenus in zoological nomenclature. As advocated by Smith & Chiszar (2006) , the use of the subgenus rank allows the representation of improved phylogenetic resolution of the genus Naja while reducing the disruptive effect of nomenclatural changes on other disciplines of biology that are less closely linked to systematics and phylogeny. The subgenera recognised here serve as formal nomenclatural labels for robustly supported lineages of cobras united by morphological and/or ecological characteristics, while the formal generic name of each species remains unchanged, thus facilitating information retrieval. We suggest that increased use of the subgenus rank would be welcomed by a substantial proportion of the wider biological community.
As a final note, the authors find it profoundly disconcerting that, 25 years after the controversy surrounding the publications of Wells & Wellington (1984 , 1985 -see Thulborn, 1986 , taxonomy remains as vulnerable to acts of nomenclatural vandalism as it was then. In the middle of the current biodiversity crisis, taxonomists should be able to devote their time to studies of taxonomy rather than cleaning up after evidencefree taxonomic acts perpetrated in self-published, un-reviewed publications. We urge the International Commission on Zoological Nomenclature to give the fight against nomenclatural vandalism highest priority as part of its stated mission, 'achieving stability and sense in the scientific naming of animals'.
